Objective: To study the short and long term differences in outcome between patients >80 years of age and those (79 years of age who received intravenous recombinant tissue plasminogen activator (iv rt-PA) for acute stroke within the first 3 hours of symptom onset. Methods: We studied consecutive patients treated with iv rt-PA for acute stroke, with prospective follow up of up to 3 years. Outcome measures included National Institutes of Health Stroke Scale (NIHSS) score, Barthel Index (BI), modified Rankin score (MRS), and stroke mortality. Patients were split into two groups: younger ( (79 years) and older (>80 years). Results: There were 65 patients in the younger cohort and 31 patients in the older. Older patients were more likely to present with more severe baseline stroke (p = 0.04; odds ratio (OR) 3.04; 95% confidence interval (CI) 1.03 to 8.98). Stroke mortality at 90 days was 10.8% in the younger and 32.3% in the older cohort (p = 0.01). At 90 days' follow up, patients in the older cohort with more severe stroke (NIHSS score >11) were nearly 10 times more likely to have poor outcome compared with their younger counterparts presenting with severe stroke (p = 0.001; OR = 10.36; 95% CI 2.16 to 49.20). Baseline stroke severity and age were the only independent and equal predictors for stroke outcome. No threshold was found for age or baseline stroke severity predicting outcome. Conclusion: Older patients presenting with more severe baseline stroke are much less likely to benefit from iv rt-PA as compared with their younger counterparts.
F
ollowing the National Institute of Neurological Disorders and Stroke (NINDS) rt-PA Stroke Study, intravenous recombinant tissue plasminogen activator (iv rt-PA) was licensed in the USA and Canada for acute stroke within 3 hours of onset. 1 The drug was later approved in Germany and by the European Agency for the Evaluation of Medical Products for the same time window. The NINDS trial demonstrated 11-14% absolute and nearly 30% relative difference in excellent outcome favouring the treatment group at 90 days. This benefit was achieved despite 10 times increased risk of symptomatic haemorrhage in the treatment group, with no significant difference in mortality, as compared with controls. 1 The benefit was sustained at 12 months. 2 While in France iv rt-PA is not indicated for patients above 80 years of age, licensing of iv rt-PA in Canada and USA indicates no upper age limit. However in the NINDS trial, only 42 patients were 80 years of age or older. 3 A subgroup analysis of the NINDS trial data indicated that older age and higher baseline NIHSS score predicted less favourable outcome. 4 While it was stated that there was no interaction between treatment and the variable expressed as age NIHSS score on multiple outcomes, indicating that age NIHSS score coupling ''influenced outcome independently of treatment'', the authors concluded that in the older group (166 patients aged .75 years were randomised), iv rt-PA offered mild to moderate benefit. 4 In the NINDS trial, older patients with more severe stroke were more likely to do poorly. Thrombolytic therapy offered some benefit over placebo to this subgroup of patients, but the difference was not statistically significant. The authors indicated the need for further studies in older patients presenting with more severe stroke who are candidates for iv rt-PA. 4 A 1 year follow up of patients in the NINDS trial reaffirmed that older patients or those with higher baseline NIHSS score were less likely to have favourable outcome. 2 In a phase IV study, predictors of favourable outcome included baseline NIHSS score of (10 and age (85 years.
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A retrospective study found no significant difference in attaining independent living at time of discharge from hospital, or in hospital mortality between patients of 80 years of age or older and their younger counterparts after receiving iv rt-PA. 6 Although none of the aforementioned studies found a threshold age or stroke severity predicting outcome, to date no explanation has been offered to explain this phenomenon. A recent study found baseline stroke severity and age to be predictors of discharge to nursing home following acute stroke treated with iv rt-PA. 7 In this paper, we report the results of our prospective study assessing the predictors of clinical outcome in two cohorts of patients, those of age (79 years and those >80 years who received iv rt-PA for acute stroke within 3 hours of symptom onset.
METHODS
From January 1999 to December 2001, all 96 consecutive patients who received iv rt-PA for acute stroke were included in this study. Patient demographics, past medical history (including history of cerebrovascular events, coronary artery disease, atrial fibrillation, congestive heart failure, valvular disease, hypertension, hyperlipidaemia, diabetes, smoking, use of antiplatelets), pre-stroke BI and MRS, temporal aspects of stroke onset to treatment, baseline NIHSS score, admission blood pressure, and blood glucose were recorded. Findings on baseline and follow up brain computed tomography (CT) scans were interpreted by neuroradiologists blinded to clinical presentation and outcome. Indication for iv rt-PA followed the guidelines suggested by the Canadian Stroke Consortium. 8 In essence these are similar to those of the American Heart Association recommendations. 9 In accordance with Canadian guidelines, patients with CT evidence of clearly visible infarction involving more than one third of middle cerebral artery territory were not treated with iv rt-PA.
Follow up brain CT was obtained within 24 to 72 hours of treatment. Follow up NIHSS score, 10 MRS 11 and BI 12 during hospital stay, and at 3, 12, 24, 36, and 72 months were recorded. Patients were examined in their most current habitation (own home, rehabilitation, long term care facility). Follow up evaluation involved two physicians, (when necessary, the caregiver as well), and consensus had to be reached on BI and MRS. Cause of death was identified from hospital charts and/or from autopsy reports. Deaths caused by index stroke or its complications, were considered stroke related deaths. Deaths unrelated to stroke or its complications were considered incidental deaths. Symptomatic intracranial hemorrhage was defined as clinical deterioration with four points or more increase in the NIHSS score in the presence of intracranial haemorrhage that involved .30% area of the stroke volume.
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Statistical analysis
The distribution of continuous variables was described with means and standard deviations. Frequencies and percentages were used to describe nominal variables. The x 2 test and odds ratio (OR) with 95% confidence interval (CI) were used to determine the significance and strength of association between dichotomous variables. If the expected values were ,5 in 262 tables, Fisher's exact test was used instead of x 2 . Two independent sample t tests were used to determine the significance of the difference in means between two groups. If the distribution was not normal or variances were not equal, the Mann-Whitney U test was used instead of the t test. Kaplan-Meier curves were used to describe the survival distribution of the younger and older age cohorts. The significant difference in the survival distribution was determined using the log-rank test. Multivariate logistic regression was used to determine independent predictor of stroke severity at 90 day follow up.
RESULTS
From January 1999 to December 2001, 96 patients received iv rt-PA for acute stroke within 3 hours of stroke onset. Of those, 65 patients were (79 years of age (younger cohort, age range 32 to 79), and 31 were >80 years of age (older cohort, age range 80 to 96). The younger cohort comprised 31 women (47.7%; mean (SD) age 63.8 (12.6) years) and 34 men (52.3%; 68.9 (8.0) years), and the older cohort comprised 17 women (54.8%; 86.8 (4.3) years) and 14 male patients (45.2%; 84.3 (3.6)) years). There were no significant differences in sex distribution within (younger cohort p = 0.80; older cohort p = 0.72) or between cohorts (p = 0.51), or the sex averaged age within each cohort (younger cohort p = 0.16; older cohort p = 0.08). A significantly higher proportion of older patients had history of congestive heart failure (35.5% v 7.7%, p = 0.001) or hypertension (87.1% vs 66.2%, p = 0.03). In past medical history, the frequency of stroke or transient ischaemic attack, coronary heart disease, atrial fibrillation, diabetes, or antiplatelet or anticoagulant use was not significantly different between the two cohorts.
Mean The average (SD) baseline stroke severity before receiving iv rt-PA as assessed by NIHSS was 13.7 (5.7) (range 6 to 27) in the younger cohort, and 15.4 (5.2) (range 6 to 25) in the older cohort. The difference between the averages of baseline stroke severity was not significant (p = 0.16, t test). Distribution of moderate (NIHSS score 4-10) and severe (NIHSS score >11) baseline stroke between two cohorts is summarised in table 1. Significantly more patients in the older cohort presented with a more severe baseline stroke (p = 0.04, OR = 3.04, 95% CI 1.03 to 8.98).
In hospital death caused by index stroke and its complications occurred in 6 of 65 patients (9.2%) of the younger cohort, as opposed to 10 of 31 (32.3%) of the older cohort (p = 0.005; OR = 4.68; 95% CI 1.52 to 14.47). In comparison to the younger cohort, patients in the older cohort were almost five times more likely to die from index stroke and its complications during hospitalisation (p = 0.005, OR = 4.68, CI 1.52 to 14.47) (table 2). Stroke related mortality remained significantly higher in the older cohort at 90 days follow up (p = 0.01, OR = 3.95, 95% CI 1.33 to 11.70). Stroke related mortality at the end of 3 years' follow up was 15.4% in the younger and 48.4% in the older cohort (p = 0.001, OR = 5.16, 95% CI 1.95 to 13.67) (table 2). Kaplan-Meier estimates of survival rates up to 36 months after index stroke in both age cohorts is given in fig 1, and Intravenous rt-PA for acute stroke: effectiveness in younger and older patientsolder patients (regardless of baseline stroke severity) had only 13-14% the chance of their younger counterparts for independent survival.
When considering more severe baseline stroke (NIHSS score >11), 24 of 26 patients (92.3%) in the older cohort had poor outcome (dependent survival or stroke related death) at 90 day follow up, while poor outcome was seen in 22 out of 41 patients (46.3%) in the younger cohort ( When all 96 patients were considered, there was no threshold age or baseline NIHSS score that predicted stroke related mortality, all mortality, follow up NIHSS score, BI, or MRS at any point up to 3 years.
Symptomatic haemorrhage occurred in 4/65 (6.2%) patients in the younger cohort, and 3/31 (9.7%) patients in the older cohort. The difference was not significant (p = 0.69, OR = 1.63, CI 0.34 to 7.79).
A multivariate logistic regression analysis was conducted to determine significant predictors of dependent survival indicated by MRS of >3 at 90 days. Variables tested included age, gender, baseline stroke severity, hypertension, hyperglycaemia, hyperlipidaemia, intravenous treatment for hypertension or hyperglycaemia, coronary artery disease, and congestive heart failure. Of these, only baseline stroke severity and age were independent predictors for poor outcome (NIHSS score >11: p = 0.001, OR = 6.05, 95% CI 2.08 to 17.55; age >80 years: p = 0.001, OR = 6.42, 95% CI 2.04 to 20.14). As indicated by the ORs, baseline stroke severity and age were equal in predicting poor outcome.
DISCUSSION
In the NINDS trial there were only 42 patients of 80 years of age or older, but in clinical application there is no upper limit of age for iv rt-PA use in acute stroke. Several phase IV studies and the NINDS trial caution about less favourable outcome from iv rt-PA with advancing chronological age. The size and the statistical significance of the benefit from iv rt-PA in the older cohorts (age >80 years) versus their younger counterparts has not been clearly demonstrated. Although without thrombolytic treatment, advancing age alone predicts poor outcome from acute stroke, as does more severe stroke at the time of presentation, we are compelled to ask several questions: can the NINDS trial results be extrapolated to patients older than 80 years; are there thresholds for age or stroke severity predicting outcome; if we cannot demonstrate a threshold age or stroke severity what are the possible explanations; and is it possible that there are thresholds, but we have not yet recognised their surrogate markers? Although in our study, age and baseline stroke severity were independent predictors of outcome, we found no threshold age or threshold baseline NIHSS score predicting outcome. This result is in agreement with NINDS trial and STARS study results and a recent non-thrombolytic therapy observational study. 4 5 17-20 How can we explain these findings, where advancing chronological age indicates poor outcome from stroke but we cannot demonstrate a threshold age? Advancing chronological age crudely reflects the natural process of biological aging of the vascular system. If we assume that the combined risks of advancing age, genetic constitution, and modifiable risk factors of stroke determine the vascular age of the person, there will be a wide range of vascular ages among patients for a given chronological age, potentially eliminating the threshold effect of the latter.
Baseline NIHSS score may predict long term outcome. 20 21 Our and several other studies failed to demonstrate a threshold baseline NIHSS score predicting response to treatment. However, as the stroke severity increased odds for favourable outcome decreased. Expressing neurological deficit as a total score does not differentiate between qualitatively different and clinically more expressive deficits. A moderate sensory loss or a quadratic anopsia, or moderate slurring of speech is unlikely to cause dependent survival as measured by BI or MRS. Baseline NIHSS score overlooks the dynamic nature of brain embolism and the effect of collateral circulation on recovery from acute stroke with or without thrombolytic therapy. 22 It has also been suggested that, compared with right hemispheric stroke, patients with left hemispheric stroke may score five points higher in the NIHSS, and ''for a given NIHSS score, the median volume of right hemisphere stroke is consistently larger than the median volume of a left hemisphere stroke''. 23 The above factors potentially may obscure a threshold baseline NIHSS score predicting outcome. More specific surrogate markers may help with prognostication and increase the appropriateness of therapeutic choice. 24 Because of the lack of placebo groups, and a relatively smaller number of patients, our study does not offer definitive evidence for withholding iv rt-PA in older patients when they present with severe stroke. However, our data indicate that advancing age and severe baseline stroke reflect less favourable odds for good recovery despite iv rt-PA. We inform patients (or next of kin) about our results prior to iv rt-PA. In particular, we indicate that the effect of iv rt-PA is yet to be demonstrated in a randomised trial to be significantly as effective in patients older than 80 years compared with younger patients. Considering that a severe stroke without thrombolytic therapy has a poor prognosis, especially in patients with advanced age, iv rt-PA may offer a guarded chance for recovery to independent survival in carefully selected older patients. However, more studies are needed to better understand the short and long term outcome of acute stroke in older patients treated with iv rt-PA, and better surrogate markers are needed for reliable prognostication.
